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SPECIAL COMPARATIVE REPORTS. 

Summil.-The following table shows de 
ground a t  Summit on several dates in 
of years : 

Inchcs. 
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65 
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50 
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31 
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32 

146 
30 
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117 
23 
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SUNSHINE. 

The following t,able gives the total hours of sunshine 
and percentages of possible : 

Eureks ................. 
Fwsno.. ............... 
Los Anpel-.. .......... 
Mount Tamalpais.. .... 
Red Blun .............. 

- 

r c r  cent Per cent 

possible. possil~le 
Stations. ~ Hours. 1 of 11 Stations. 

141 35 sacramento ........... I--‘--- ?E 51; -1 
(il 304 77 San Diego ............. 23s 

250 64 San Francisco ......... 49 

189 48 S a n  Luis Obbpo ...... 55 

~. 

206 62 Snn Jose.. ............ ~ ~ 61 

There was less sunshine during the current April than 
during April last year. 
NOTES ON THE RIVERS OF THE SACRAIILENTO AND LOWER 

SAN JOAQUIN WATERSHEDS DURING APRIL, 1915. 
By N. R. TAYLOB, Local Forecaster. 

Sacramen.to wa.tershed.-For the fifth consem tive month 
the rivers of the Sac.raInento drainage basin have been 
exceptionally low. Previous low-water records for the 
month were broken a t  all points, except a t  Recl Bl~iff on 
the Sacramento, where the river averaged 0.4 of n foot 
above the low water of 190s. At Colusa, Knight,s Land- 
ing, and Sacramento City the Sacramento averaged from 
7 to nearly 10 feet below t,he stages usually maint.ained 
during the month in question. 

I n  t8he Feather, Yuba, and American wat,ersheds all 
streams averaged the lowest on record for April. 

The rainfall throughout the Sacramento Valley was 
deficient generally, and the amount which fell hac1 lit,t,le 
effect on st,ream flow. The reatest rise re ortecl was at  

24 hours ending a t  7 a. m. of the 13th. 
Lower Sun Jocrquin ~~onters7t.ed.-While less t,lian the nor- 

mal amount of rain fell in this watershed, the shortage was 
not so marked in the higher regions as in t.lie floor of tlie 
valley. The effect of rainfall on st,renni flow, however, 
was barely apparent in any of bhe rivers, all of which 
averaged lower than for any corres onding month of 

Lathro to the mouth of the Calaveras, averaged over 10 

over 6 feet below tlie previous low-water sbage for April. 

~o lusa ,  where the river rose sF‘ig1itly over 3 P eet during the 

which there is a record. The San f oaquin itself, from 

feet be r ow the mean stage of the past 13 years, and was 

NOTES ON THE RIVERS OF THE UPPER SAN JOAQUIN 
WATERSHED. 

By W. E. BONNETT, Low1 Forecaster. 

The stages of the streams of the ‘CJ per Sari Joaquin 

They were much lower than the lowest previous st,ages 
for this month in the six years of record. At Merced 

watershed continued to be estremely P ow during April. 

Falls, on the Merced River, the mean stage was 0.9 foot, 
as compared wit81i a mean stage of 1.7 feet for the last 
six Aprils. Following some good rains on the 9th, loth, 
and l l t h  the river a t  this point rose. to 1.5 feet, the max- 
imum &age of the month. 

Similar conditions obtained on the San Joa uin. The 

- 0.4, as compared with six-year averages of 2.4 feet and 
5.2 feet for these stations, respectively. The highest stage 
a t  Friant occurred on the 11th and a t  Firebaugh on the 
13th and 14th. 

At Piedra, on the Kings River, and a t  Three Rivers, on 
the Kaweah, the highest stages for the month also oc- 
curred on the l l t h ,  but they were only a few tenths of a 
foot higher than the low stages which immediately re- 

and remarkably uniform throughout the month. 
From the irrigators’ viewpoint the streams have been 

disappointingly low. Several canals, particularly those 
served from the Kings River, which by judicial decision 
are not eiitit,led to  water until the stream has reached a 
cert,ain stage, so far this season have been without water 
because the stream lias not risen above the required stage. 

mean stage a t  Friant was but 0.3 foot and a t  R. irebaugh 

ceded that date. The stages in these streams were P ow 

NEW HEATER AND VAPORIZER FOR FROST PROTEC- 
TION. 

(Advance copy printed in Pacific Rural Press, Apr. 27, 1912.) 

By Prof. A. G. MCADE, U. 8. Weather Bureau. 

Various ty es of heaters and smudgers were described 
in Bulletin KO. 29, ‘Cinited States Weather Bureau, 
ent8it81ed, “Frost Fight,ing,” issued March 13, 1900. 

The first heater used, so far as our knowle%e goes, 
wus the wire basket cod burner of Co ley, at  Riverside, 
C’al., in tlie winter of 1SSTj-96. The i - s t  oil burner was 
used in California in the winter of 1900-1901. Since 
theti mnny burners and orclittrd heaters have been 
devised, and there are now on the market 17 or more 
types of orchard heat’ers, most of them oil burners. 

There has naturally been competition am0 the 
nittkeix, and claims of superiority are publishen% and 
widely distributed in fruit-growing States. It may be 
mid tdiat nearly all of the heaters are serviceable and 
that there is no longer any doubt concerning their pro- 
tective value. The probIem now is one of h’ her effi- 

handling. There are two ways in which improvements 
can be made, one by securing a more uniform and more 
coni lete c6inbiistion, and the other (closely connected) 

t iona.bly t,lie cheapest fuel where combustion met iods 
are used, alt~liougli we believe covers are most economical 
in the Ion run. Tests b Lewis and Brown, in 1910, 

unit of cost; but, the method is not a clean one, an if 
the orchards are located in a thickly settled community, 
as is the case with t’he orange groves of California, vigor- 
ous object>ion is made to the soot. Moreover, greater 
uniformity in the rate of c.ombustion is desirable. With 
many of the present ty es of orchard heaters, especially 

with the time of burning. Soot arresters do not help, 
but rather make matters worse; and there is constant 
complaint that after burning a few hours the amount of 
heat given off is much diminished, and this a t  a time 
when heat is most needed. 

Wit’h a view to meeting the above abjections, two new 
methods are being tried at  the local o6ce of the Weather 

ciency, together with cleanliness of method an 3 ease of 

b.y c r ecreasing the amount of soot. Crude oil is un ues- 

and by 0’ ara, in 1911, s K ow that crude oil is best er 

P 

B 

t.he open-pail variety, t Y l  e rate of combustion decreases 
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vaporized. I n  t& second device an elect8ric. currento rs 
employed to va orize water. The former of t'hese two 
devices wi l l  be B escribed in this article and the latter in 
a subsequent paper. 

The new burner is made of cheap combustible material, 
and there is comparatively little ash or residue left. 
There is no asphaltum or slag, ss is the case with crude 
oil used on the Pacific coast. The  amount^ of soot given 
off, while appreciable, is very much less (probably one- 
fourth or one-fifth) thitn that' from heavy oils. The two 
objects qought to be obtained are, first, niiiiiiniziiig the 
amount of soot, and, second, providing a. uniform rate of 
cortibustion. 

The burner consists of a cardboard tube 1 inch or 
more in diameter. This tnhe is loosely packed with 
cotton waste', swan tufts projecting at each end. When 
soaked with kerosene this makes an esc.el!ent wick. 9 1 1  
ordinary fruit can, capac.ity 1 qua.rt, with detachable 
cover, serves as a fuel holder. A hole is cut in tmhe cover 
'ust large enou h to permit, the insertion of the cnrd- 
board tube. T i e  can is nearly filled with kerosene and 

laced within the lar er can! c.apacity 5 .fallons. This 
L g e r  ca.n has a smaK opening on one si e to regulate 
combustion and is open at the top. In practice we have 
used old kerosene cans. A su ply of water is poured 

First, to pre- 
vent undue heating of. the outer can and thus moderatme 
the heat, and second, to make use of the latent heat of 
vaporization. .By supplying an increased aniount, of 
water vapor at a moderatme temperature we furnish a 
medium which has a high absorption value for the long 
heat waves radiated from the soil, appro~iniat~ely 0.012 
mm. wave length. Such an a ency prevent,s rapid cooling 

greatest loss of heat from both leaf surface and soi! during 
frost periods. The vapor also serves to prevent a too 
ra id warming in the morning hours, iriasniuch as the 
so f ar energy is a t  first utilized in doing the work of ch~ilg- 
ing condensed vapor or water into invisible vapor. 

into the outer can to a dept'h o P several inches. 
The purpose of using water is twofold. 

through free radiation, whic 5 probably is the source of 

Bureau, San Francisco. In one an improved burner is 
used with kerosene or some light oil as a fuel. There is 
also a surroundine: shallow Dan of water which is slowlv 

We have practically an oil pot in a water jacket. By 
lacing the cans vertically one on top of another we can 

Ering, if desired, the level of the source of heated air and 
hent,ed vaijor nearer the level of the fruit. and thus mini- 
mize the 1;ss of heat which now takes place wit,h burners of 
the single type resting on the ground. This is an i n  or- 

' tant point because at the present time, with a hun a red 
burners to the acre, using a gallon each of oil, something 
like 15,000,OOO British therizznl units or 3,760,000 calories 
would be given off, provided the cornbustmion was perfect, 
whic,li of course is never true. Now, to raise the temper- 
at,ure 01 the air 1' F. over an acre t,o a height of 15 feet is 
practically heat'ing 653,400 cubic feet of air. In practice 
it is foiind t,hat, to mdntain the temperature on a still 
night 1 O above freezing requires 0.252 calories per hour 
per cubic foot. Therefore for a period of 7 hours, which 
is nlmut, the average durat,ion ot the low temperature. 
albliough 10 hours is :L safer period, t'here will be re uired 
1,338,3~10 calories. And if n mise of 5 O  is require! it is 
evident that more t.hm 5,500,000 calories are needed; or 
more. than the, full number of heat units in the fuel under 
perfect conibust,ion. I t  is evident that we must reduce 
the inss  of air to be heated and ap ly the heat to those 

prot,ected. This will materially improve the efficiency of 
the prot,ective devic,e, ns  there is no gain in warmin up 
all out-of-doors. This is t,lie weakness of large fires, w % ere 
the heat is carried by convec.tiona1 currents to levels 30, 
50, or 100 feet above t,he ground. For purposes of pro- 
t.eckion this heat is wasted. 

It is 
e,nough to warm t,he layer betaween 6 and 15 feet above the 
ground. As is well known, the level of the tree tops is 
generally warmer tliaii t,he Ievels near the ground. In the 
new device we seek t,o provide n layer of water vapor at 
or about the level of the tree top. The cold air that has 
sett,led to 6lie orourid should not be displaced, but allowed 
to remain. The mist ure of warmed air and warmed vapor 
rising from a source 5 or 6 feet above the ground will not 
displace the colder, drier, and more dense air near the 
ground. The problem is essentially one of proper utiliza- 
tion of the heat available. In  our resent methods there 
is great, e.xt,ravagance in the use of il eat. 

port,ions of the air in the vic,init,y of t f: e fruit or plant to be 

Nor is it  necessary t o  warm the lowermost strata. 


